Abstract: Hot water extract (ALR-0) of rhizomes of Atractylodes lancea DC. was fractionated into MeOH-soluble fraction (AIR-1), supernatant fraction of EtOH precipitation (AI.R-3H-4), and crude polysaccharide fraction (ALR-5). Among these fractions, only ALR-5 showed potent stimulating activity for proliferation of bone marrow cells mediated by Peyer's patch cells. AIR-S gave three potently active carbohydrate-rich fractions (ALR511a, 5llb, and 511c) by anion-exchange chromatography on DEAE-Sepharose CL-6B, and three active polysaccharides (ALR511a-1-1, ALR-511b-2-2, and ALR-511c-3-1) were further purified from the respective fractions. The order of activity was revealed to be ALR-5llb-2-2 ALR-5lIa-1-1 > ALR-5llc-3-1. AIR-511a-1-1, 5llb-2-2, and 5llc-3-1 each was eluted as a single peak on HPLC and their molecular weights were estimated to be 74,000, 3,100,16,000, respectively. ALR-5lIa-1-1 consisted mainly of Ara and Gal (molar ratio; 0.6: 1.0) in addition to a trace amount of uronic acid whereas ALR-511b-2-2 and ALR-511c-3-1 mainly comprised Ara, Gal, GIcA, and GalA (molar ratio; 0.2: 1.0:0.2:0.8, and 0.5: 1.0:0.7: 1.5, respectively). Methylation analysis indicated that ALR-5lla-1-1 consisted mainly of terminal Araf, 4-or 5-linked Ara, 3,4-or 3,5-branched Ara, and 3-linked. 4-linked, and 3,6-branched Gal. ALR-511b-2-2 and ALR-Sllc-3-1 were composed mainly of terminal Araf, 4-or 5-linked Ara. 4-linked Gal, 4-linked GalA, and terminal GIcA. In addition, ALR-511b-2-2 mainly comprised 4-linked Xyl whereas ALR-511c-3-1 consisted mainly of 2,4-branched Rha. Single radial gel diffusion indicated that ALR-511a-1-1 showed a strong reactivity with /3-glucosylYariv antigen, whereas ALR-51lb-2-2 and ALR-511c-3-1 did not show the reactivity with the antigen. Treatments of ALR-Slla with NalO4, NaCIO2 and pronase did not reduce the stimulating activity for Peyer's patch cells, however combination of exo-a-Larabinofuranosidase and exo-fi--o-( 1 -3)-galactanase digestions of ALR-5lla-1 -1 significantly decreased its activity.
Introduction
The inner surface of the intestinal tract contains a large area of mucosal membranes, and they are continuously exposed to Planta Medica 64(1998) 714-719 © Georg Thieme Verlag Stuttgart New York various substances in the intestinal lumen. The gut-associated lymphoreticular tissues (GALT) exist on the intestinal mucosal sites, and play an important role in host defense including IgA response of the intestinal immune system (1). Peyer's patches are the important lymphoid organs of the intestine, and known to be inductive sites for IgA production. Lymphocytes in the intestinal mucosa such as Peyer's patches first interact with antigen and further differentiate and mature in the germinal center of the lymphoid folicles. They also rapidly eliminate from the mucosa and migrate through the mesentric lymph nodes to reach systemic circulation (1) . Therefore, the intestinal immune system including Peyer's patches not only contributes to the defense system of the mucosa but also regulates systemic inflammation, resulting in suppression of allergic reactions and autoimmune diseases (1) . Because traditional herbal medicines, including Japanese herbal (Kampo) medicines, are generally administered orally, there is a possibility that these medicines express their clinical effects through the intestinal immune system. One of Kampo medicines, Juzen-Taiho-To (TJ-48; Si-Quan-Da-Bu-Tang), is known to modulate the systemic immune system (2). Hong et al. found that TJ-48 activates T cells in Peyer's patches and stimulates secretion of hematopoietic growth factors from T cells (3). TJ-48 consists of ten kinds of component herbs, and we have found that a hot water extract from one of the component herbs, rhizomes of Atractylodes lancea DC., contributes mainly to the stimulating activity of TJ-48 on Peyer's patch cells. The present paper deals with purification and characterization of the active polysaccharides in rhizomes of A. lancea DC. for stimulation of Peyer's patch cells.
Materials and Methods

Plant materials
Rhizornes of Atractylodes lancea DC, which were cultivated at Huabei Province in China, were purchased from TochimotoTenkaido Co. Ltd. 
Generalmethod
Total carbohydrate, uronic acid, and protein contents were determined by phenol-H2S04 (6), m-hydroxybiphenyl (7), and Bradford's (8) methods with Bio-Rad dye (Bio-Rad) by using Gal, GalA, and igG as the respective standards. Component sugars of polysaccharides were analyzed as TMS methyl glycoside derivatives by GLC (9). GLC was performed on an HP-5890 Series II gas chromatograph (Hewlett-Packard, USA) equipped with a DB-1 capillary column (0.2jim film, 0.25mm i.d. x 30 m, Supelco); the temperature program was: 60°C for I mi 60-170°C (30°C/mm), 170-l90 (1 °C/min), and 190-300 °C (30 °C/min). HPLC was performed on a Shimadzu LC-6A equipped with combined columns of Asahi-pak GS-510 and 320 or Asahi-pak GS-320 and 220 (Asahi Chemical industry Co., Ltd, Japan) and developed with 0.2 M NaC1. Molecular weights of polysaccharides were estimated from a calibration curve of elution volumes of standard pullulans (P-400, 200, 100, 50, 20, 10, and 5, Showa Denko Co. Ltd., Japan). ALR-0 was refluxed with MeOH (5 1) for 1 h (twice) and centrifuged to obtain MeOH-soluble (ALR-1) and MeOHinsoluble fractions. The MeOH-insoluble fraction was dissolved in water and then added 4 volumes of EtOH. The supernatant (ALR-3+4) was separated by centrifugation and the resulting precipitate was dialyzed against distilled water. After the insoluble materials were removed by centrifugation, the non-dialyzable portion was lyophilized to obtain crude polysaccharide fraction (ALR-5, yield, 5.3 %).
Ion-exchange chromatography of ALR-5 ALR-5 (1 g) was applied to a column (2.9 x 23cm) of DEAESepharose CL-6B (HCO3-form) equilibrated with H20. The column was eluted with H20 (600 ml) to obtain an unabsorbed fraction (ALR-51; yield, 30%). The absorbed fractions were eluted by linear gradient elution with 0-1 M NH4HCO3 (1200 ml) and then by stepwise elution with 2M NH4HCO3 (700 ml) and 2 M NaCI (700 ml). Six absorbed fractions (ALR5ila, 5llb, 5iic, Slid, Sue, and 5llf) were obained as lyophilizates after dialysis (yields: ALR-511a, 2%; ALR-Silb, 1.7%; ALR511c, 17.0%; ALR-511d, 2.0%; ALR-5lle, 1.0%; ALR-Sllf, 3.0%).
Chemical and enzymic treatments (a) Periodate oxidation: The procedure was performed as described previously (11). ALR-511a (4.8 mg) was used for the reaction (yield: 65.1 %).
(b) Chlorite treatment: Chlorite treatment was performed according to the procedure of Oka et al. (12) . ALR-5lla (4.7mg) was dissolved in 4% acetic acid (Sml) and added NaClO2 (25 mg). The solution was stirred at 70°C until the color had changed, and neutralized with 3 N NaOH in an ice bath. The reaction product was dialyzed and lyophilized to obtain the chlorite-treated product (yield: 57.4 %).
(c) Pronase digestion: The procedure was performed as described previously (ii). ALR-5lia (5.0mg) was used for the reaction (yield: 70.2 %).
Purification of intestinal immune system modulating polysaccha rides ALR-511a was fractionated on a column (2.6 x 90 cm) of Sephacryl S-200 with 0.2 M NaCI to obtain a fraction (ALR5iia-1) eluted in the void volume in addition to ALR-511a-2 and 511a-3. ALR-51Ia-1 was further fractionated by Sephacryl S-300 (2.6 x 90cm, 0.2 M NaCl) and the active polysaccharide (ALR-5lla-1-1; yield, 0.14%) was obtained in the void volume.
ALR-5llb gave the fraction (ALR-5llb-2) eluted in the inner volume by gel filtration on Sepharose CL-6B (2.6 x 90cm, 0.2 M NaCl), and ALR-511b-2 was further fractionated by Sephacryl S-200 (0.2 M NaCI) to obtain an active fraction (ALR-5llb-2-2; yield, 0.36%). ALR-5lic was fractionated by Sephacryl S-300 (0.2 M NaCI) and gave ALR-511c-3 as the lowest-molecular-weight fraction. ALR-5llc-3 was fractionated on Sephacryl S-200 to obtain an active fraction (ALRSllc-3-l) as the highest-molecular-weight fraction (yield, 0.41 %).
Methylation analysis
Methylation analysis was performed according to the Hokomon method (13) and the procedure of Waeghe et al. (14) .
Uronic acids in the methylated poiysaccharides were reduced by LiB(C2H5)3D in THF (Super-Deutenide®, 1 ml, room temperature, 1 h, Sigma) (9). The resulting partially methylated alditol acetates were analyzed by GLC and GLC-EIMS using a SP-2380 capillary column (15) , identified by their fragment ions and relative retention times, and their molar ratios were estimated from the peak areas and response factors (9).
Measurement of intestinal immune system modulating activity
The activity was measured in according to the procedure of only ALR-5 showed the most potent intestinal immune system modulating activity dose dependently (Fig.1) . Other fractions except ALR-0 showed no activity even at a concentration of 100 ig/ml. The active fraction of A. lanceaDC., was further fractionated by anion-exchange chromatography on DEAE-Sepharose CL-6B (HCO3 ), and an unabsorbed (ALR-SI) and 6 absorbed fractions (ALR-5lla to 511f) were obtained (Fig.2) . When the intestinal immune system modulating activities of the subfractions were compared, ALR-511a and 511b showed the most potent activity. ALR-511d had intermediate activity whereas ALR-5llc and 511e expressed weak activity only ( Table 1) . The other fractions (ALR-5l and ALR-SIlf) showed no activity. Because ALR-5lla, 5llb, and 511c mainly contained carbohydrate and their yields were relatively higher than the others, the active substances were purified from ALR-Slla, 511b, and 511c in the present study.
When ALR-5lla was fractionated by gel filtration on Sephacryl S-200, three subfractions (ALR-511a-1 -5lla-3) were obtained (Fig.3A) . ALR-5lla-1 showed the most potent modulating activity, but ALR-511a-2 and 511a-3 had weak activity (Table 1) .
ALR-Slla-1 further gave three subfractions (ALR-511a-1-1 to 5Ila-l-3) by gel filtration on Sephacryl S-300 (Fig.3B) , and only ALR-5lla-1-1, eluting near the void volume, showed significant modulating activity (Table 1) whereas ALR-5lla-1-2 and 511a-1-3 had no activity (data not shown). By gel filtration on Sepharose CL-6B and Sephacryl S-200 and S-300, ALR-511b gave three fractions (ALR-5llb-1, 5llb-2-1 and 5llb-2-2) whereas ALR-5llc gave 5 fractions (ALR-5llc-1 and 5lIc-2, ALR-5llc-3-1, 5llc-3-2 and 511c-3-3) (data not shown). Among these subfractions, ALR-211b-2-2 and Sllc-3-l showed significant and potent activity (data not shown) and the order of the activity seemed to be ALR-511b-2-2 ALR-511a-1-1 > ALR511c-3-1 ( Table 1) . No significance was observed between ALR-511a-1-1 and 511b-2-2. 
Properties of intestinal immune system modulating polysaccha rides
The intestinal immune system modulating fractions (ALR511a-1-1, 51lb-2-2 and 5llc-3-1) were analyzed by HPLC on Asahi-pak GS-510 and GS-320 or GS-320 and GS-220. All the fractions were eluted as almost single peaks, and their molecular weights were estimated to be 74,000, 3,100, and 16 ,000, respectively (Table 2) . ALR-511a-1-1 mainly contained neutral sugar in addition to small amounts of uronic acid and protein. ALR-5llb-2-2 comprised about 73 % of neutral sugar and 26% of uronic acid whereas ALR-5Ilc-3-1 mainly contained uronic acid in addition to about 24% of neutral sugar and 13 % of protein (Table 2) . Component sugar analysis showed that ALR-5lla-1-1 consisted mainly of Ara and Gal (molar ratio of 0.6: 1.0). ALR-511b-2-2 mainly comprised Gal and GalA whereas ALR-5llc-3-1 was composed mainly of Ara, Gal, GalA and GIcA (Table 2 ). Methylation analysis indicated that ALR-5lla-1-1 was composed mainly of terminal Araf, 4-or 5-linked and 3,4-or 3,5-branched Ara as well as 3-linked, 4-linked and 3,6-branched Gal (Table 3) . ALR-Sllb-2-2 and ALR-5llc-3-1 contained various kinds of glycosidic linkages such as terminal Araf, 4-or 5-linked Ara, 2,4-branched Rha, 2-linked Man, terminal, 3-linked, 4-linked and 3,6-branched Gal, terminal and 4-linked GIc, 4-linked and 2,4-branched GalA, and terminal GlcA (data not shown). ALR-5lla-1-1 strongly reacted with J3-glucosyl-Yariv antigen, suggesting the presence of an arabino-3,6-galactan moiety whereas ALRSub-2-2 and ALR-511c-3-1 showed no reactivity (Fig. 4) . When ALR-511a was treated with Na104, NaCIO2 or pronase in order to elucidate which moiety contributes to the activity, all the treatments did not affect the activity of ALR-5lla (Table 4) . no-3,6-galactans (5); therefore the effect of galactanase digestion was tested on the intestinal immune system modulating activity of ALR-5lla-1-1. Although the galactanase digestion cleaved about 7.5% of J3-(1 -3)-galactosyl linkages in ALR-5lla-1-1, the activity was slightly reduced only (Table  4) . When ALR-5lla-1-1 was digested with exo-a-L-arabinofuranosidase followed by/3-o-(1 -3)-galactanase digestion, about 45% of /3-(1---3)-galactosyl linkages in ALR-5lla-1-1 were hydrolyzed, and the activity decreased significantly. However, the arabinofuranosidase digestion of ALR-5lla-1-1 alone did not affect activity. These results suggest that the arabino-3,6-galactan moiety in ALR-5lla-1-1 contributes to expression of the activity. Table 4 Effects of chemical and enzymic treatments on intestinal immune system modulating activity of ALR-511a and ALR-511a-1-1 of A. Ioncea DC. (Sample, 100 ug/ml).
relatively low-molecular-weight substances in A. lancea DC. expressed the potent intestinal immune system modulating activity. Although it was reported that a high-molecular weight fraction from A. Iancea DC. showed preventive effect against mitomycin C-induced myelosuppression, its chemical property was not characterized (20) . In the present study, we focused to purify active macromolecules rich in carbohydrate, and it was indicated that at least three active and carbohydrate-rich macromolecules (ALR-5lla-1 -1, llb-2-2 and llc-3-1) were obtained. ALR-511a-1-1 is suggested to be arabinogalactan type polysaccharide. Clarke et al. have classified arabinogalactans into three groups: type I (arabino-4-galactan), type II (arabino-3,6-galactan) and other type (polysaccharides with arabinogalactan side chains) (21) . Because ALR-5lla-1-1 strongly reacted with the /3-glucosyl-Yariv antigen, which can recognize type II arabinogalactan (21) , and consisted mainly of 3-linked and 3,6-branched Gal, it was suggested to be an arabino-3,6-galactan. Digestion of ALR-511a-1-1 both with exo-a-L-arabinofuranosidase and exo-J3-u-(1 -*3)-galactanase indicate that the arabino-3,6-galactan moiety plays an important role for expression of intestinal immune system modulating activity. NaI04 oxidation of ALR-5lla, however, did not affect its activity. It is assumed that ALR-511a-1-1 comprised a highly branched carbohydrate structure containing 3-linked Gal which is resistant against NalO4 treatment. Because pronase digestion and NaCIO2 treatment Iwhich is known to degrade lignin molecules (12)] did not show any effect on the activity of ALR-511a, the activity of ALR-5lla-1-1 was suggested to be expressed by only the arabinogalactan moiety. In the present study, although further detailed characterizations of ALR-511b-2-2 and 5Ilc-3-1 were not performed, because only small amounts of sample were available, these were considered to comprise mainly pectic polysaccharides, which contained a galacturonan region [poly-or oligomerized a-(1 -*4)-GalA] and a "ramified region" (rhamnogalacturonan core with side chains) because they contained 4-linked GalA and 2,4-branched Rha. However, it is thought that they also contain small amounts of an arabino-3,6-galactan moiety being similar to ALR-5lla-1-1. It is not known whether protein and NaC1O2-sensitive molecules in ALR-5Ilb-2-2 and 511c-3-1 contribute to expression of their activity. Commercially available arabino-3,6-galactan from larch wood and Acacia did not have comparable potent intestinal immune system modulating activity (data not shown). Therefore it is assumed that the fine structure of ALR-511a-1-1 plays an important role for expression of its activity.
Studies for structure and structure-activity relationships of the active polysaccharides are in progress now. Exo-cx-L-arabinofuranosidase and exo-3-D-(_--*3)-galactanase digested.
*P<005**P<001 medicine and a tonic. Low-molecular weight substances such as sesquiterpenoids, triterpenoids and acetylene derivatives from A. lancea DC. have been found to be inhibitors for Nat-K-ATPase and to show anti-gastric ulcer activity and to be blockers on neuromuscle connection (17) (18) (19) . The present results, however, indicate that macromolecules rather than
